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TEN CRITICAL QUESTIONS FOR CHESAPEAKE BAY
IN RESEARCH AND RELATED I\IIA TTERS
PEOPLE AND INDUSTRY

1. WHY HAVE FISH DECLINED?
2. WHAT ARE THE EFFECTS OF
ENVIRONMENTAL CHANGES?
3. HOW SHOULD DREDGING BE
DONE?
4. HOW DOES THE BAY SYSTEM
FIT TOG ETHER?
5. WHAT ARE THE SOURCES, FATE
AND EFFECTS OF SEDIMENTS?

PEOPLE AND INDUSTRY - ESTIMATED

6. HOW SHOULD WE TEST 'll'HE
BIOLOGICAL EFFECTS OF
POLLUTANTS?
7. HOW MUST RESEARCH AND
MONITORING BE INTEGRATED?
8. WHICH AREAS SHOULD BE
PRESERVED FOR STUDY?
9. HOW SHOULD THE DATA
BE MANAGED?
10. HOW CAN INFORMATION BE
MADE MORE AVAILABLE?
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INTRODUCTION
During the~ next 25 years, more than 280 millicm cubic yards of sediment
will be dredged from the Chesapeake Bay and its tributaries (Table 1). Altogether
more than 800 million dollars will be spent to deepen ports and maintain shipping
channels. About one-third of the maintenance dredgin~; will be done in ports and
harbors where the sediment is contaminated by industrial wastes and sewage discharge.

Because of long-continued disposal of dredged material, the region is

losing its physical capacity to assimilate more material. Where then can these
enormous loads be placed at acceptable costs? And what are the best guidelines
for selecting placement sites to accomodate polluted material?

What guidelines

are needed for predicting the short and long-term impacts of dredging and disposal? These are! important management questions facing bay scientists, engineers,
and managers who aim to protect priority resources and at the same time to
accomodate shipping that requires deeper channels and efficient navigation.
The importance of dredging in the Bay only occurs to many people when
they read about ships aground or threatening damages to seafood resources. The

consequences of drE?dging and disposal however, are a continuing problem which
costs more than 16 million dollars annually in channel maintenance (Aurand and
Mamantov, 1982). Additionally, large sums are spent on construction and operation
of disposal areas like Crar!ey Island, Hampton Roads, and Hart-Miller Islands near
Baltimore.

But present disposal areas do not have an infinite capacity and in

many places the volume of material generated from proposed dredging projects
usually exceeds the available. disposal capacity.

And if open water disposal is

to b~ discouraged in the future, additional capacity is required (Aurand and
Mamantov, 1982). · Because impacts of dredging on the environment are uncertain,
many dredging projects in the Bay have been delayed for years. Baltimore and
Hampton Roads are! among the nation's top five ports, and their future growth
and economic vitaHty depend on maintaining shipping channels and pier berths
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for ocean vessels (Figure 1). Few people reaHze that if anchorages are not provided
to relieve port congestion and if channels are not deep·ened to accomodate larger
vessels, commerce will go elsewhere and port economy will decline.

TABLE 1

Projections of dredging requirements (in millions of cubic meters) for
Chesapeake Bay, 1985 - 2010; adapted from Gross and Cronin, 1979.

Maintenance
NORTHERN CHESAPEAKE BAY
Turbidity maximum
(Approach Channels)
Harbors
Baltimore
Crisfield
Subtotal
SOUTHERN CHESAPEAKE BAY
James River
York River
Baltimore Harbor Channels
Harbor
Hampton Roads, Elizabeth River·
Subtotal
TOTALS

"41

5
46

New Work
17

6
0. 1
23

23
8

20

20

92

49

135
181

77
100
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Significant changes have taken place in the last decade in the way dredging
projects are plann1~d and accomplished.

No longer can dredging be undertaken

without regard for marine resources and environmental issues. Instead, the comp~exities of satisfying environmental uncertainties, of selecting placement sites,
and of dealing with toxic dredged material have intensifiec:. Because most dredging
is planned and performed in increments, with depth increases of 5 or 10 feet at
a time, first here, then there, the effects of a single project are usually relatively
small.

By investi~~ating small or piecemeal changes, it has been difficult for

scientists to demonstrate that dredging and disposal can cause significant effects.
Over many years of successive dredging and disposal, however, the cumulative
effect of small increments, or of dredging piecemeal, can be great (Figure 1).
And the departure from natural conditions over the long term may be dramatic .
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Figure I.

Time trend of cumulative· dredging volume in millions of cubic
;yards for channels in Hampton Roads, Virginia, from 1900 to
1980. "New" dr~dged material consists of virgin sediment produced by dredging greater channel depths while "maintenance"
dredged material is sediment that backfills channels and is
dredged to maintain a given controlling depth for shipping.
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Two new major 5 to IO-year projects are proposed for the Bay that will
tax the ability of the scientists and engineers, as well as of the regulatory
authorities, to cope with impacts and management of dredging on a regional basis:
(1) deepening of the main shipping channel from Baltimore to the sea to 50 feet;

and (2) deepening the port of Hampton Roads and its approach channels to 55
feet (Figure 2). These projects are needed to accomodate future demands for
coal export with increased vessel traffic, anchorages, and new berths.

Each

alteration of the Bay floor modifies the environment, and the Bay must respond
in some way. Our ability to predict the long-term fate and effects of dredging
and disposal, however, is not presently adequate to assure protection of the
environment.

PROPOSED CHANNEL
DEEPENING

16 M tons

Ii

Figure 2.

Location of present and proposed major shipping· channels
and disposal sites in the Chesapeake Bay region. Percentage
of dredged material handled by different types of placement,
pie diagr~m.
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In summary, the nature and magnitude of the problem reveal that there
is an increasing volume of dredged material and an increasing shortage of acceptable
placement sites.

Consequently, there is an urgent need to develop guidelines

for dredging and placement of enormous volumes of :material which are often
polluted. Obviouslly, there is a great deal of scope for improving future engineering
and commercial practices if the scientific understanding can be increased.

RESEARCH PLAN
The broad goa.l of this research is to develop thE! best strategy and guidelines for dredging and placement of large volumes of dredged material, which
are often pollutedr with maximal benefit and minimal disturbance and cost.
This broad goal is resolved into four attainable objE!Ctives or tasks:
I. To determine the long-term capacity of the Bay to assimilate dredged
material.

How much material can be placE?d and where?

What are

the best guidelines for new site selection?
2. To characterize the properties of dredged material as to their physical
properties, pollutant potential and extent of contamination in relation
to present and future dredging and placement requirements.
3. To evaluate the long-term fate of dredged material after disposal, especially with regard to chemical constituents having sublethal effects
on biotic resources and public health as w,ell as cumulative impacts
with time throughout the region.
4. To develop a strategy or conceptual model

for

utilizing scientific and

engineE!ring information to assess long-range dredging and disposal options and associated impacts.

PROJECT 1.

Long-term capacity and sit~ selection

Objective:
To determine the long-term capacity of the Bay to assimilate dredged
material. l_fow much material can be placed and where? What are the best guidelines for new site selection?
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Approach:
The capacity of the Bay to assimilate dredged material depends on the
rate of input of the waste in relation to the physical space or volume required
for placement, on the p~ysical processes acting to disperse it, on other uses for
the space, and on the pollutant potential of the material, i.e. to produce an unacceptable impact on biotic resources or a risk to human health. The approach,
therefore, needs to integrate information from various sources taking into account
numerous factors, varying rates of placement, mechanisms for dispersal and
assimilation, toxicity and multiple uses. The end-product is formalized in Objective
4, development of a conceptual model to evaluate options and management
decisions.
An initial approach is to determine how much dredged material is generated
at present and planned in the next 20 to 50 years for the region. Then the physical
placement requirements can be determined and the available capacity· evaluted.
The volume of -material generated needs to take into account plans for dredging
new channels, or deeper channels, at various depths as well as an increasing volume
of maintenance material, both federal dredging and private dredging. Once dredging·
requirements are established and/or updated, the capacity of various sites needs
to be inventoried beginning with historical sites, once used and abandoned, and
existing sites. This inventory should include both upland, open-water and contained
sites. It should account for the actual volume capacity as well as the volume
adjusted for sediment bulking factors which take into account compaction and
dewatering .. Additionally, on open water sites the capacity needs to account for
possible erosion by waves and currents, especially during storms, and possible
mudflows that can redistribute or backfill the dredged channel.
Once -the dredging requirements ·are compared to existing capacity, it should
be evident what additional capacity is needed to accomodate future dredging
requirements.

Then, new sites, or potentially better alternatives, need to be

identified considering the kinds of sites, e.g. open water, upland, marsh creation,
island, containment behind dikes, their volumetric and bulking capacity and the
character of material to be placed. For material that is contaminated, fluid mud,
or subject to dispersal, placement options should favor less open water placement
and more contained placement. Besides placement behind dikes, dredged materical
can be isolated by placement in submerged borrow pits or in quiescent holes or
troughs that are ·covered or capped with erosion resistant sediment. Each placement option will exhibit certain benefits and risks that should be quantified. The
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effectiveness of engineering alternatives for containment must be systematically
evaluated to provide a basis to determine region-wide c-apacity for actual placement situations. Whe!re the dredged material is clean, particular attention should
be given to productive uses, such as creation of marshes or restoration of eroded
areas.
The inventory of sites needs to take into account practical economics of
distance from dredge· site to placement site as well as associated transportation
cost8. The inventory of placement capacity should be compiled into a catalogue
or master tabulation for different dredging projects and include priority ranking
of capacity factors in relation to other uses, e.g. fishing, recreation, character
of the material for beneficial uses as beach nourishment, landfill, marsh creation,
and in relation to di.spersal potential and pollutant risk. Determining long-term
capacity and selecting new sites requires a systematic: and critical assessment
of all relevant factors and options. Such an effort would relieve the piecemeal
approach and occasional crises of some present management decisions.
Scale:
When treated on a regional scale and over long time· spans, 20 to 50 years,
this research is complex and requires a concerted effort of geologists, marine
resource planners and engineers working closely with resource managers. Expertise
and resources of the CRC institutions can be utilized effectively; it would be
enhanced by cooperation with the Corps of Engineers with experience and responsibility for federal shipping channels. The inventory of placement capacity should
encompass dredged material requirements in the Bay
and non-federal including small as well as large projects.

;!ls

a whole, both federal

Feasibility:
Successful efforts of the Maryland Department of Natural Resources (1977);
Schubel et al. (1980), and continuing efforts of the Corps of Engineers (e.g~ 1979)
demonstrate the feasibility of the type of approach sug:gested. Disposal capacity
and sites can be evaluated through the use of matrices and overlays in which land
use, estuary use and constraints are ranked and the gradients of various attributes
mapped. A major task is to determine the pollutant pot,~ntial of dredged material
as a risk to health and biotic resources. Because fine sediment exhibits special
cohesive behavior:, effort must be devoted to quantitizing the potential for physical
dispersal that can affect capacity on each open water sit,e. For evaluating physical
capacity of formE?r placement sites, it may be difficult to account for the amount
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of material originally placed on these sites.

PROJECT 2. Characterization

~dredged

material

Objective:
To characterize the properties of dredged material as to their physical
properties, pollutant potential and extent of contamination in relation to present
and future dredging and placement requirementso
Approach:
To select new placement sites and provide options for disposal, it is necessary
to first classify and screen dredged materialo

Not all sites have the capacity

and prerequisites to accomodate all kinds of material. Some areas are more appropriate than others for certain types of material. In particular, polluted toxic
material may require special attention to avoid public health and marine resource
risks. If the material can be classified and screened, placement capacity can
be utilized more effectively and the range of disposal options is increased. Such
opportunities can be realized if the material is segregated according to its character
before dredging or placement operations. This, in turn, depends on the dredging
equipment and placement technology available to selectively dredge or fractionate
the material during operations.
One approach is to classify the dredged material according to existing
Federal standards.

These standards, however, recognize only a limited number

of chemical constituents and do not include chlorinated hydrocarbons, PNA's and
other potential important pollutants. The tests do not al¥?ays indicate the degree
to which the constituents can be mobilized during dredging and their bioavailability.
In some cases, the sediment is naturally enriched with constituents like trace
metals, so that there is a need to distinguish natural from anthropogenic concentrations. In short, three basic types of analyses are needed: elutriate, bulk
and bioassay.

The bioassay probably has the greatest value for characterizing

polluted material b.ecause the i_mpact of contaminants on· marine biota is a limiting
criter~on for placement. Some dredged material can be classifi~d by its size,
sorting attributes,. total organic content, or water content and density.

Such

characteris~ics dictate the suitability of dredged material for various uses, e.g.
beach restoration, marsh creation, landfill, etc.

Additionally, the geographic

distribution of characteristics is required both spatially on the surface, and at
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depth in the dredg:ed material.
Scale:
Both field and laboratory facilities will be required to collect and analyze
large numbers of samples for their physical and chemical characteristics. Quality
control of la~ analyses is essential. The number of samples depends on the spatial
and vertical variability of each constituent or property. Some "standard" tests
may have to be modified for application to Bay sediments. Since regulatory criteria
are continually ,evolving, characterization of chemical constituents is needed
to support develeipment of the most rational disposal approaches and regulations.
Feasibility:
Investigations by Huggett (1972) and the paper by Gross and Cronin (1979)
demonstrate the feasibility and importance of characterizing dredged material,
particularly

its

pollutant

character.

A

major

task

is

to

organize

the

characterization process to identify dredging and placeiment options and use the
information to make effective management decisions.

Another formidable task

is to select appropriate dredging methods· to screen the material that occurs in
thin layers.

PROtTECT 3. Long-term effects of dredged material
Objective:

To evaluate the long-term effects of dredged material after placement,
especially with rE!gard to release of chemical constituents having sublethal effects
on biotic resources and public health as well as cumulative impacts with time
throughout the re~~ion.
Approach:
Most environmental investigations and monitoring efforts of dredging and
dumping in the Bay deal with short-term effects, days, weeks or months. Although
dredging and placement in the Bay have proceeded for over 100 years and promise
to continue· in the future, effects manifest in years or decades of dumping have
not received much attention. And guidelines for long-term, or permanent, effects
have not been devefoped. The limited duration of the Corps' Dredged Material
Research Program in 197 4-1979 did not permit an adequate assessment of longterm effects. The present Corps' Program LEDO, Long--Term Effects of Dredging
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Operations, does not include a site in Chesapeake Bay.

However, long-term

chemical impact on organisms in contact with contaminated sediment is a
significant issue with respect to dredging in Baltimore Harbor and Hampton Roads.
Procedures for evaluating short-term impacts such as bioassay procedures are
not necessarily adequate for long-term exposure to sublethal impacts.
One approach is to investigate former dump sites where a history of dumping
is relatively well-known.

The historical amounts of material dumped, and/or

frequency of dumping, should be determined to account for changes in relief,
bottom type, compaction and dispersion.

It is of special interest to determine

if the dredg~~ material is retained on site, or dispersed over a wide area; i.e.
What fraction of the material remains, or escapes, from the site? ·Further, what
are the rates and mechanisms that lead to long-term stabilization of dredged
material? Also, what contaminates are mobilized and released from the dredged
material? And what are the sublethal effects of contaminated material on the
biota such as changes in behavior and reproductive ability? What is the sequence
of recolonization?

Since many of the physical and chemical processes on open

water sites occur during storms, attention should be focused ·on the possible effects
of repetitive storm events over many years. For example, storm wave influence
on the ·bottom can be predicted by numerical wave hindcasting (CERC, 1977).
Much new knowledge concerning long-term changes may necessarily _have to come
from our present knowledge of short-term impacts and use of models to extrapolate
the long-term effects. It may be possible however, to detect changes with depth
in sediment .cores of dredged material placed on former sites and to observe the
physical, chemical, and biolog~cal (microfaunal) changes that have proceeded
with time and successive dumpings.
It seems likely that repeated dumping on one site, or successive dumping
on several sites, can have a ~umulative impact, particularly in a small relatively
closed subsystem. Such impacts may be like those in a watershed where piecemeal development on slopes adds progressively to downstream loads over many
years. This trend points ·up the need for long-term monitoring, analyses of chemical
constituents and study of microfauna preserved in sediment cores that hold a
record of changing environmental conditions.

Additionally, there is opportunity

to. develop statistical models of cumulative change based on the history of dredging
and placement in an area. Sources of information include the Corps' Annual Reports
and permit files of regulatory agencies which give the geographic location, size
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and amounts of dredged material processed.

This information, combined with

associated impacts of other stres~es as pollution sources, should be cast into
guidelines to provide managers a basis for identifying in advance, areas where
development should be restricted, controlled or encouraged.
Scale:
To address long:-term effects, a well-designed study embracing 5 to IO years'
worth of data will be necessary for truly long-term observations. The problem
is complex and will require the effort of geologists, chemists and biologists working
closely over long periods 5 to IO years.

Conventional techniques and methods

can be used for field and laboratory analyses; however, there is a great deal of
scope for innovative approaches.

PROJECT 4. Modeling dredge and placement options
Objective:
To develop a strategy or conceptual model for utilizing scientific and
engineering information to assess long-range dredging and placement options and
associated impacts as :input for management decisions.
A_pproach:
A natural focus and potential end-product for this research topic is development of a model. Modeling is important for establishing guidelines because comparative evaluation of placement strategies has not received much scientific

assessment. ConcE?ptual modeling not· only assists managers in organizing diverse
data but provides a means to identify the . relative benefits or constraints of
different placement strategies as affected by complicated environmental and
socio-economic factors. A conceptual model also reveals gaps where future data
needs to be acquired and thus, it can provide a motivating force for stimulating
new studies. This approach may also help to bridge the ga.p between environmental
groups who assumE~ that any cost is justified and the realities of cost associated
with advanced technology.
To provide the informational protocols needed for dredging and site placement decisions, the model should aim to find options that satisfy selected factors
or criteria. It sh~,uld address the interrelationships among important factors including types of dredged material, the kinds of dredging methods and their
economics, capacity of ~isposal sites, environmental consequences, regulatory
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measures, the maintenance dredging costs, the social impacts, monitoring needs,
the benefits of creative uses, etc. If a set of criteria can be developed to order
or rank the relative importance of such factors, then it may be possible to have
a semiquantitative model.

Ideally, the interrelationships· among factors need

to show the direction the factors act, positive or negative, the linkages or pathways
between factors and the quantification of consequences of different options. The
model should be used not only to organize and screen current options but to evaluate
future options, either singly or in combination, to determine possible cumulative
impacts. A schematic simplification of factors illustrating the interrelationships
among selected factors is given in Figure 3.

Figure 3.

Schematic diagram of dredge and pla·cement factors and their
interrelationships as an_ approach to modeling dredge and plaeement options: A. Zone of high compatibililty; B. Zones acceptable; C. Zones of feasibility. (Modified from Aurand and Mamantov, 1982).
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Feasibility:
Only a modest investment is needed to set up and develop such a model
and make pilot runs. A start in this direction has been made through data banks
of the CRC institutions and of the EPA-CBP program as well as the report of
Schubel et al. (197 9), and ongoing investigations of the Corps of Engineers. The
results of Schubel et al. (1980) provides a good example of how dredging and disposal options can be assessed with respect to environmental impacts. For a Baywide model in a regional context, at least 3 years of concerted effort by several
CRC investigators will be required.
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